Clarias gariepinus fingerlings exposed to lethal and sublethal concentrations of Gammalin 20 were investigated in a renewal static bioassay with particular reference to behaviour, survival, and histopathological changes. Early symptoms of gammalin 20 lethal poisoning were, respiratory distress, increased physical activity, convulsions, erratic swimming, loss of equilibrium, and increased breathing activity. Behavioural response was dose dependent and decreased with decreased concentration. The 96-hour lethal concentration (LC 50 ) value was 30 ppb. Histopathological changes of the gill, liver, and intestinal tissues of fish treated with sublethal concentration of gammalin 20 for twelve weeks showed gill distortion and fusion of adjacent secondary lamella as a result of hyperplasia and excessive mucus accumulation. The liver showed swelling of hepatocytes with mild necrosis, pyknosis, and vacuolation, while the intestine showed yellow bodies of the lamina propria at the tip of the mucosal fold.
Introduction
Environmental factors of both natural and anthropogenic origins have been known to induce alteration of different magnitudes in the physiological and biochemical status of animals [1, 2] . Therefore, biomarker parameter assessment is a means of environmental monitoring, with the advantage of providing quantitative response as valuable information on ecological relevance as well as on the acute/chronic adverse effects caused by water pollution [3] .
Alteration in the chemical composition of a natural aquatic environment, due to contact with hazardous substances like heavy metals, pesticides, and effluents from industries usually affect the behaviours, biochemistry, and physiology of the fauna including fish [4] . Water is one of the most precious natural resources on earth, and it creates a wide range of benefits to humans, including fisheries, wildlife, agriculture, urban, industrial, and social development [5] .
However, the unregulated release of agricultural chemicals especially pesticides into water bodies have caused environmental problems to all classes of organisms in the aquatic habitat. The aquatic ecosystem is faced with the threat of biodiversity loss due to indiscriminate use of pesticides [6] .
Gammalin 20 is a widely used organochlorine pesticide employed in veterinary and human medicine to treat ectoparasites and pediculosis. It is also used in the control of a broad spectrum of phytophagous and soil-inhabiting insects, public health pests, and animal ectoparasites. It is used in fishing industries for fish kill and on a wide range of crops to control Aphididae larvae of coleoptera, diptera., and so forth in stored product warehouses and storerooms, public health treatments, and seed treatments [7] .
The application of environmental toxicology studies on nonmammalian vertebrates is rapidly expanding, and for aquatic system, fish have become an indication for the evaluation of the effects of noxious compounds [8] . Pesticides occupy a unique position among many chemicals which are encountered daily by man. They are deliberately added to the environment for the purpose of killing, injuring, or at times enhancing the development of some forms of life. Water pollution by pesticides is a serious problem to all aquatic fauna and flora. In aquatic environment, pesticides may also cause several physiological and biochemical defects in fishes [9] . Contamination of water with these recalcitrant chemicals often results in bioaccumulation in fish and other biota, sometimes to biologically active levels. These chemicals have been suspected to be cancer-causing agents in fish and other aquatic organism [10] . Residues of these toxic chemicals found in water, sediments, fish, and other aquatic biota can pose risk to organisms, predators, and humans. Pesticides at high concentrations are known to reduce the survival, growth, and reproduction of fish and produce many visible effects on fish [6] . Water pollution also is recognized globally as a potential threat to both human and other animal population, which interact with the aquatic environment [11, 12] . Due to the residual effects of pesticides, important organisms are damaged [6] .
Thus, the objective of this study was to investigate the lethal and sublethal effects of Gammalin 20 to African catfish (Clarias gariepinus) using mortality, behavioural and histopathological changes as end points. Changes in these parameters are being investigated as potential diagnostic tools in assessing the effects of gammalin 20 on fish with a view of setting up standards for safe disposal of wastes.
Materials and Methods
Clarias gariepinus fingerlings of average length (7.8 ± 0.2 cm) and weight (12.0 ± 2.0 g) were purchased from Oyo state and Rayak fish culture in Ibadan, Nigeria. The fish were disinfected with 0.1% potassium permanganate as described by Joshi et al. [13] and acclimated for 14 days in the laboratory in a plastic tank. Ten fish were randomly distributed into each aquarium and fed with 40% crude protein commercial feed twice daily prior to the commencement of the experiment. The tanks were aerated throughout the acclimation period. Water quality parameters such as temperature, dissolved oxygen and pH of the experimental setup were monitored using standard methods APHA [14] .
A range-finding test was conducted to determine the concentrations to be used in the actual experiment using standard procedure following the methods of APHA [14] . Based on the results of the range-finding test, nine concentrations (22, 25, 28, 33, 40, 50, 66 , 100, 110 ppb) for acute test and two concentrations (22 ppb and 25 ppb) for chronic test of the gammalin 20 and a control (0.00 ppb) were prepared in glass tanks in duplicates. Ten fish were randomly introduced into each of the aquaria. Test solutions and water in the control were renewed daily. Behavioural and cumulative mortalities were recorded and dead fish were removed with an aquarium net. A fish was considered dead when they failed to respond to simple prodding with a glass rod. Presence of mucus on the skin and gills of test fish was also checked by feeling with the fingers.
Test Chemical.
The organochlorine compound, gammalin 20 hexachlorocyclohexane (C 6 H 6 C l6 ), was obtained from agrochemical shop at Iwo road, Ibadan. The gammalin 20 was stored in the laboratory at room temperature.
Acute Exposure Studies.
A range-finding test was conducted to determine the concentrations to be used in the actual experiment using standard procedure following the methods of APHA [14] . Based on the results of the rangefinding test nine concentrations (22, 25, 28, 33, 40, 50, 66 , 100 and 110 ppb) of the gammalin 20 and a control (0.00 ppb) were prepared in glass aquaria in duplicates. Ten fish were randomly introduced into each of the aquaria. Test solutions and water in the control were renewed daily.
Chronic Exposure Studies.
Two sublethal concentrations (22 ppb and 25 ppb) were selected for chronic exposure study, and two replicates of each concentration and two groups of control fish were maintained for exposure. Fish were fed with pellet feed at 5% of body mass once a day and water exchange was made at three-day intervals with fresh test solutions in each experimental tank. Test media were kept well aerated. Ten fish were maintained in each tank. After twelve weeks test fish were sacrificed for histopathological studies. Parameters such as temperature, dissolved oxygen, and pH of the test solutions were measured at intervals.
Replicates.
Two replicates per test concentration were used to avoid test repetition due to system failure and to provide a stronger statistical baseline. Each test chamber contains an equal volume of test solution and equal numbers of fish (10) . Replicate test chambers were physically separated.
Histopathology Examination.
Liver, gill, and intestinal tissues collected in 10% neutral buffered formalin were processed for paraffin blocks (56-58
• C) and sectioning at 3-5 μm using a microtome. Stained sections were examined under a Zeiss compound binocular microscope (Axiophot, Germany) fitted with a photo micrographic attachment.
Results

Toxicity and Behavioural Effects.
The mean physicochemical parameters of the test solutions during 96-hour exposure of C. gariepinus to various concentrations of Gammalin 20 are presented in Figures 1, 2 , and 3 . There was a significant relationship (P < .05) between the temperature, pH, and dissolved oxygen with gammalin 20 concentrations.
Clarias gariepinus fingerlings exposed to various concentrations of gammalin 20 showed an initial rapid movements such as opercular and tail movements, accompanied by incessant gulping for air, loss of balance, restlessness, sudden quick movement, excessive secretion of mucus, rolling movement, and swimming on the back. The intensity of the behavioural activities of the fish decreased with increasing concentration and duration of exposure. However, fish in the control maintained normal behaviour within the 96 hours of the experiment. The fish became very weak, settled at the bottom, and died. Mortality at the exposure concentrations (Figures 8 and 9 ). Photomicrograph of intestine of control Clarias gariepinus after 12 weeks keeping in clean water showed no yellow bodies ( Figure 10 ). Fingerlings treated with 22 ppb and 25 ppb sublethal concentrations showed yellow bodies at the lamina propria of the mucosal fold (Figures 11 and 12 ).
Discussion
The three physicochemical parameters of the test media were fluctuated slightly during the toxicity test. The values were normal for toxicity test [15] . There was a significant negative correlation between pH and dissolved oxygen values. Since 2 0  2 0  2 0  2 0  2 0  2 0  2 0  2 0  2 0  22  20  20  20  20  20  18  18  18  17  25  20  20  20  20  20  18  18  17  15  28  20  20  20  18  18  16  14  12  11  33  20  20  17  17  15  14  12  10  8  40  20  20  16  16  14  14  12  9  4  50  20  20  14  14  12  12  10  5  3  66  20 most fish breathe in water in which they live, changes in the chemical properties thereof may be reflected in the animal's respiratory activity, particularly if the environment factors affect respiratory gas exchanges [16] . In case of dissolved oxygen, the treatments did not only show a dosedependent decline in concentration, but also rapid depletion of dissolved oxygen with time. Meletev et al. [17] and Holden [18] had earlier reported that the introduction of a toxicant into an aquatic system might decrease dissolved oxygen concentration, which will impair respiration leading to asphyxiation. Variation in the oxygen consumption in gammalin-20-treated fish is probably due to impaired oxidative metabolism and pesticide-induced respiratory stress. Hence, dysfunction of behaviour and respiration can serve as an index of gammalin 20 toxicity. Several abnormal behaviours such as incessant jumping and gulping of air, restlessness, loss of equilibrium, increased opercular activities, surface to bottom movement, sudden quick movement, and resting at the bottom were similar to the observations of Omoniyi et al. [19] , Rahman et al. [6] and Aguigwo [20] . The stressful and erratic behaviour of C. gariepinus fingerlings in the experiment indicates respiratory impairment, probably due to the effect of the toxicant gammalin 20 on the gills. The stressful behaviour of respiratory impairment due to the toxic effect of gammalin 20 on the gills was similar with the report of Omitoyin et al. [21] and Aguigwo [20] that pesticide impairs respiratory organs.
A change in respiration rate is one of the common physiological responses to toxicants and is easily detectable through changes in oxygen consumption rate, which is frequently used to evaluate the changes in metabolism under environmental deterioration. Opercular movements increased initially in all exposure periods but decreased further steadily in lethal exposure compared to sublethal exposure periods. Increased gill opercular movements observed initially may possibly compensate the increased physiological activities under stressful conditions [22] .
Gulping air at the surface, swimming at the water surface and disrupted shoaling behaviour were seen on the first day in lethal and sublethal exposure period and continued the same further intensely which is in accordance with the observations made by Ural and Simsek [23] Gulping of air may help to avoid contact of toxic medium. Surfacing phenomenon, that is, significant preference of upper layers in exposed group might be a demand of higher oxygen level during the exposure period [24] . Fish sunk to the bottom with the least opercular movements and died with their mouth opened. In sublethal exposure, fish body became lean towards abdomen position compared to control fish and was found under stress, but that was not fatal. Leaning of fish indicates reduced amount of dietary protein consumed by the fish at pesticide stress, which was immediately utilized and was not stored in the body weight [25] . Gammalin 20 toxicity is shown to increase with increased concentration. The behavioural effect observed in this study is in consonance with earlier reports of Quist [26] , Murty et al. [27] ,Omregie and Ufodike [28] , and Gesamp [10] .
It was also observed that the higher the concentration of the toxicant, the higher the mortality rate. This demonstrates the observation of Fryer [29] , that in all toxicant, a threshold is reached above which there is no drastic survival of animal. Below the threshold, animal is in a tolerance zone, above the tolerance zone is the zone of resistance. The time of toxicity disappearance and mortality was observed from the record of the relative mortality time in different concentrations of gammalin 20 for 96 hours.
C. gariepinus fingerlings were stressed progressively with time before death. There were mucus secretion in fish which 6 Applied and Environmental Soil Science forms a barrier between body and toxic media and thereby probably reduces contact of toxicant so as to minimize its irritating effect, or eliminates it through epidermal mucus. Similar observations were made by Rao et al. [30] and Parma de Croux et al. [31] . The analysis of data from the present investigation evidenced that gammalin 20 is toxic and had profound impact on behaviour and respiration in C. gariepinus in both lethal and sublethal concentrations.
The histopathological examination of the liver, gill, and intestinal tissues of the exposed fish indicated that the liver and gills were the organs most affected. In fish, gills are critical organs for their respiratory, osmoregulatory, and excretory functions.
Gills are generally considered good indicator of water quality [32] , being models for studies of environmental impact [33] [34] [35] , since they are the primary route for the entry of pesticide. Gills are the major respiratory organs and all metabolic pathways depend upon the efficiency of the gills for their energy supply, and damage to these vital organs causes a chain of destructive events, which ultimately lead to respiratory distress [36] . If gills would be destroyed due to xenobiotic chemicals [37] or the membrane functions are disturbed by a changed permeability [38] , oxygen uptake rate would even rapidly decreased.
The fluctuated response in respiration may be attributed to respiratory distress as a consequence of the impairment of oxidative metabolism. Disturbance in oxidative metabolism was reported earlier under cypermethrin toxicity in Tilapia mossambica [39] . Pronounced secretion of mucus layer over the gill lamellae has been observed during gammalin 20 stresses. Secretion of mucus over the gill curtails the diffusion of oxygen [40] , which may ultimately reduce the oxygen uptake by the fish.
Damages of the gills, indicated that the sublethal concentrations of insecticide caused impairment in gaseous exchange efficiency of the gills and this is similar to the observation of Rahman et al. [6] , Omitoyin et al. [21] and Aguigwo [20] . Histopathological results indicated that gill was the primary target tissue affected by gammalin 20.
The liver is the main organ for detoxification (Dutta et al.,1993) that suffers serious morphological alterations in fish exposed to pesticides (Rodrigues and Fanta, 1998). Alterations in the liver may be useful as markers that indicate prior exposure to environmental stressors. The liver of the exposed fish had vacuolated cells showing evidence of fatty degeneration. Necrosis of some portions of the liver tissue that were observed resulted from the excessive work required by the fish to get rid of the toxicant from its body during the process of detoxification, and this is similar to the observation of Rahmn et al. [6] . The inability of the fish to regenerate new liver cells might also have led to necrosis. The developmental stages of the fish under study were generally more sensitive to toxic pollutant than adults. This result conforms to reports of the study in Mance [41] and Kelly [42] .
The intestinal tract is not easily divided into small and large intestine as it is in mammal. In treated fish the lamina propria at the tip of the mucosal fold of the intestine shows yellow bodies. This suggested that the yellow bodies could be a result of the effect of gammalin 20.
Hoque et al. [43] and Lovely [44] reported similar effect on Puntius gonionotus, Barbodes gonionotus, and C. gariepinus treated with diazinon and sumithion. According to Bhatnagar et al. [45] , the observed irritation and destruction of the mucosa membrane of the intestine hamper absorption. The pathological alterations in the intestine of the studied fish are in agreement with those observed by many investigators about the effects of different toxicants on fish intestine [46, 47] . Epithelial degeneration, and inflammatory cells infiltration in the submucosal as well as submucosal edema were seen in the intestine of tilapia fish exposed to carbofuran [48] . It could be concluded that the environmental contamination can induce several histopathological alterations in the tissues of C. gariepinus.
